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An optical recording medium is provided with a 
recording layer and a reflecting film on an 
optically transparent substrate. The principal 
component of the recording layer is a dye. Virtual 
recording cells are assumed within grooves on 
the recording layer and recording marks with five 
different levels or more of increasing size (48A- 
G) are formed on each of the virtual recording 
cells by modulating the irradiation time of the 
laser beam in five levels or more in 
correspondence to the information to be 
recorded. The reflectance of the virtual recording 
cells modulates in many levels and the reflection 
level of the reading laser beam during 
regeneration is changed in five levels or more. 
The optically transparent substrate is made of a 
plastic with a glass transition point (Tg) of 160 
DEG C or less. The reflecting film is a metal with 
a coefficient of thermal conductivity of 300k/W . 
m<-1> . K<-1> or more and a film thickness of 
50nm or more. 
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Optical recording medium 



Description of corresponding document: EP1170741 



[0001] The present invention relates to an optical recording medium that switches either the irradiation 
time or the irradiation power of a laser beam in many levels in correspondence to data used in the 
recording, irradiates the recording layer with the laser beam and then records the data in multiple levels. 

[0002] A great deal of research has been carried out related to methods to record multiple pieces of data 
in signals with identical length by switching the depth of a regeneration signal (modulation factor of 
reflection signal) in many levels in contrast to methods to record data by changing the length of a 
regeneration signal (length of the modulated part of the reflection signal) in many levels with conventional 
optical recording mediums such as CD-R or DVD-R which are provided with recording layers and 
reflecting films, in this order, on an optically transparent substrate. 

[0003] According to this optical recording method, because it is possible to record multiple pieces of data 
in the direction of depth compared to when binary data is recorded depending on the presence or absence 
of only a pit, the amount of signals assigned to fixed lengths can be increased. Consequently, optical 
recording methods which use holographs or optical recording mediums with multiple recording layers have 
been proposed in order to improve the linear recording density. 

[0004] Hereupon, a case wherein data is recorded in many levels using a depth variation of the reflectance 
is called multilevel recording. 

[0005] In this type of multilevel recording the recording marks must be shortened in order to improve the 
recording density. 

[0006] Multilevel recording is, however, difficult when attempting to reduce the recording marks smaller 
than the beam diameter of a converged laser used for recording and reading. 

[0007] For example, Japanese Patent Laid-Open Publication No. Hei. 10-134353 describes a method in 
which the quantity of laser light is adjusted in order to record multiple levels. In this method a regeneration 
signal is formed by differences in the reflection of the recording part and the non-recording part when the 
recording medium is a dye film or a phase-changing film. Consequently, in the method in Japanese Patent 
Laid-Open Publication No. Hei. 10-134353, the non-recording level and the recording level depend on a 
relationship of whether or not a recording exists and are not suitable for recording in many levels. Stated 
more clearly, nothing exists in the intermediate state between recording and non-recording for a phase- 
changing film or a dye film. 

[0008] Up to the present the reason why multilevel recording in many levels was possible by means of 
modulating the quantity of laser light using a dye film or a phase-changing film as the recording medium 
was mainly due to the fact that the widths of the recording markswere changed by changing the power of 
the laser. 

[0009] A converging beam normally forms a Gaussian distribution although when the recording film is a 
dye film or a phase-changing film, the recording is performed on the portion that exceeds a certain 
threshold value. Changing the power of the laser changed the spot size of the converging beam that can 
record which in turn changed the width of the recording marks. 

[0010] If, however, the length of the recording marks are shortened to increase the recording density, it 
becomes difficult to perform multilevel recording in many levels, in particular in five levels or more, using a 
method that modulates the power of the laser to change the recording mark width. In other words, 
changing the recording power makes it difficult to change the reflection level during a regeneration in five 
levels or more. 

[001 1] Normally, the diameter of the converging beam is expressed by K lambda /NA (K: constant, 
lambda : laser wavelength, NA: numerical aperture). Normal values for a pickup used in a CD are lambda 
= 780 nm, NA = 0.45 with a diameter of approximately 1 .6 mu m. For this case, if the recording mark 
length was 1.6 mu m or less, it is difficult to perform multilevel recording in five levels or more using a 
conventional method that changes the laser power. 

[0012] Further, there is an example of an optical recording medium as disclosed in Japanese Patent Laid- 
Open Publication No. Hei. 1-182846 wherein the absorbance of the reactive material in the recording layer 



changes as a digital value when a quantity of incident light is supplied as a digital value. 

[0013] The absolute value of the absorbance change is presumed to be very small for this optical 
recording medium however and has not yet attained practical use. 

[0014] Furthermore an optical recording method is disclosed in Japanese Patent Laid-open Publication 
No Sho 61-21 1835 in which the intensity or irradiation frequency of the irradiation light irradiating a 
photochromic material is changed in order to record at different arbitrary coloring density states. 

[0015] In this optical recording method there is a problem in which the coloring density state cannot be 
read in five levels of more when irradiating and scanning laser light. 

[00161 The rapid occurrence of thermal decomposition of dyes in optical recording mediums used as a 
recording materials which use dye as the principal material was considered to be favorable in conventional 
recording methods. This is because the signal quality is better due to the clear boundary between the 
recording part and the non-recording part. 

[00171 |f however there is rapid decomposition of the dye material during multilevel recording, 
decomposition of the dye will suddenly begin when a specified laser irradiation time or irradiation power is 
exceeded making it difficult to control the recording in many levels required for multilevel recording. 

[00181 The inventor has discovered that it is possible to perform multilevel recording in five levels or more 
by means of changing the irradiation time or the irradiation power of the laser when the recording mark 
lenqth is shorter than the diameter of the converging beam. The inventor has also discovered that a dye 
material that changes gradually is more suitable as a material for a recording film than a phase-changing 
material that changes quickly from non-recording to recording following temperature increases in the laser 
irradiation. 

[0019] Furthermore, the inventor has found out it is possible to favorably perform multilevel recording by 
stipulating the thermal decomposition characteristics of the dye material. 

[0020] At this point the thermal energy absorbed by the recording film will grow larger in line with 
lengthening of the laser irradiation time and/or increases in the laser irradiation power If the therma 
enemy exceeds a certain threshold value, the dye will decompose and deteriorate and recording will be 
performed on the recording film. Excessive thermal energy that exceeds the threshold value passes 
throuqh the reflecting film and diffuses around the edge. For example, if the diffusion of the thermal energy 
is insufficient for an optical recording medium such as a CD-R. unfavorable effects will occur such as 
deformation of the substrate or the guide tracks cut into the substrate. 

[0021] Taking the above-mentioned issues into consideration, an object of the present invention is to 
provide an optical recording medium that utilizes a widely used optical recording medium, such as CD-R, 
to perform multilevel recording in many levels and can obtain favorable signal quality. In particular to 
provide an optical recording medium that prevents deformation of the optically transparent substrate or the 
channels cut into the substrate used to guide the laser as well as prevent degradations in the recording 
siqnals due to deformation of the protective film on the reflecting film by making the diffusion of the thermal 
enerav bv the laser irradiation sufficient and/or by controlling the thermal decomposition characteristics of 
the dye material. In addition, an object of the present invention is to provide an optical recording medium 
that can favorably perform multi-level recording control. 

[0022] The inventor has diligently conducted research on an optical recording medium and discovered a 
recording method that performs multilevel recording on this optical recording medium, and also verified 
that this recording method can perform high-density multilevel recording in five levels or more on this 
optical recording medium. Furthermore, the inventor has performed various types of experiments and 
found that stipulating the material properties of the optically transparent substrate and the coefficient of 
thermal conductivity and film thickness of the reflecting film was important for thermal diffusion. In addition, 
the inventor has found that if a dye whose thermal decomposition exceeds a range extending over 100 
DEG C or more is used, favorable recording becomes possible extending over the time when the laser 
irradiation time goes from short to long and/or extending over the time when the laser irradiation power 
qoes from low to high. Even further, the inventor has found that if a dye whose thermal decomposition 
starts at 300 DEG C or less is used, high sensitive recording becomes possible through which the inventor 
has completed the present invention. 

[0023] In other words, the above-mentioned objectives are achievable by means of the present invention 
as follows. 



[0024] (1) An optical recording medium, having a recording layer, whose principal component is a dye, 
provided on an optically transparent substrate, and a reflecting film formed on the recording layer, the 
medium being able to record information by irradiating a laser beam to form recording marks on said 
recording layer and read the recorded information by irradiating a reading laser beam onto the recording 
mark; wherein said recording layer has a virtual recording cell specified in an arbitrary unit length in a 
direction of relative movement between the laser beam and the recording layer and in a unit width in a 
direction that intersects said direction of movement at a right angle and continuously set in said direction 
of movement; said recording layer at said virtual recording cell can form recording marks with different 
sizes in correspondence to either a modulation of an irradiation time of the laser beam or an irradiation 
power in five levels or more; this allows multilevel recording of five levels or more of information by means 
of modulating the reflectance based on the area ratio of said recording marks to said virtual recording cells 
and transmittance, at least the area ratio; said optically transparent substrate is made of a thermoplastic 
resin with a glass transition point (Tg) of between 80 DEG C and 160 DEG C; said reflecting film is a metal 
with a coefficient of thermal conductivity of 300k/W . m<-1> . K<-1> or more and a film thickness at the 
recording mark of 50 nm or more. 

[0025] (2) The optical recording medium according to (1), wherein said reflecting film material is 
characterized by the product of the coefficient of thermal conductivity and the film thickness being 2x1 0<- 
5> k/W . K<-1 > or more. 

[0026] (3) ^optical xecording medium haying ajrecordjoa layer, whose principal component is a dye, 
provided on an optic ally fe nspafei^ able to record information by irradiating 

a laSef^eanTEoTs^^ la y er and readftejecprd ed information b y 

irradi ating a reading laser beamonloJbejrecQ^ wherein sai ^cording la ^has_aj/jrtuat 

f^^^^Tspe^ed in an arbitrary unit length in a^rection of relative movemenTBgfween the laser 
bfearSsnd=th^recording layer and in a unit width in a direction that intersects said direction of movement 
at a right angle and continuously set in said direction of movement; said recording layer at sajd-rirlual 
recording cell ca n form re cording marks with differgj^izesjn correspohdence to either a modulation of an 
irradiation^^ > n five levels or more » this allows multilevel 

recording of five levels or more of information by means of modulating ttte reflectance based on the area 
ratio of said recording marks to said virtual recording cells and. transmittance, at least the area ratio; the 
dye used in said recording layer is made in such a manner that differences in a weight reduction start 
temperature due to thermal decomposition (TG) and a temperature when a weight thereof becomes 20% 
of an original weight thereof extends over a range of 100 DEG C or more. 

[0027] Using a material with a coefficient of thermal conductivity of 300k/W . m<-1> . K<-1> as the 
reflecting film material in the present invention or setting the thickness of the reflecting film to 50 nm or 
less results in excessive heat causing deformation of the substrate or the channels cut into the substrate 
used to guide the laser as well as deformation of the protective film on the reflecting film leading to 
degradations in the recording signals. 

[0028] This effect is dependent on the glass transition temperature of the substrate material on which laser 
guide grooves are provided. When a material with a high glass transition temperature, such as glass, is 
used as the material, deformation due to heat is not apparent. If a material with a glass transition 
temperature between 80 DEG C and 160 DEG C is used, this effect was found to be quite evident. 

[0029] This thermal diffusion effect was also verified to be especially large during multilevel recording with 
adjacent recording marks in the recording direction. 

[0030] These effects were present due to heat that occurred while recording in optical recording mediums 
used up to the present. However, it is assumed that even greater effects would more easily occur due to 
recording marks being placed adjacent in a linear direction in order to improve the recording density in the 
multilevel recording method. 

[0031] Further, the size of the recording marks stated here refers to the size of changes in the quantity 
when the material constituting the recording layer decomposes and deteriorates due to irradiation of the 
laser beam to change the refractive index thereof or when the transmittance is changed due to the size in 
the direction of thickness when the refractive index changes. 

[0032] In the present invention the reflectance could be controlled in many levels by means of specifying a 
dye constituting the recording layer. 

[0033] Further, the optical recording medium may be constructed as follows. 

[0034] (4) The optical recording medium according to (3), wherein said dye is characterized by weight 



reduction due to said thermal decomposition starting at 300 DEG C or less and continuing until 350 DEG 
C or more. 

100351 (5) The optical recording medium according to (3), wherein a reflecting film is provided on said 
recording layer on a side opposite to a side on which the laser beam is incident, said opt.cafly transparent 
substrate is made of a thermoplastic resin with a glass transition point (Tg) of between 80 DEG C and 160 
DEG C and said reflecting film is a metal with a coefficient of thermal conductivity of 300k/W . m<-1> . K<- 
1> or more and a film thickness on a recording mark of 50 nm or more. 

r0036l (6) The optical recording medium according to (5), wherein said reflecting film material is 
characterized by the product of the coefficient of thermal conductivity and the film thickness being 2x1 0<- 
5> k/W. K<-1> or more. 

f00371 (7) The optical recording medium according to (4), wherein a reflecting film is provided on said 
recording layer on a side opposite to a side on which the laser beam is incident, said OP^^?^ 
substrate is made of a thermoplastic resin with a glass transition point (Tg) of between 80 1 DEG C and 160 
DEG C, and said reflecting film is a metal with a coefficient of thermal conductivity of 300k/W . m<-1> . K<- 
1> or more and a film thickness on a recording mark of 50 nm or more. 

[00381 (8) The optical recording medium according to (7), wherein said reflecting film material is 
characterized by the product of the coefficient of thermal conductivity and the film thickness being 2x1 0<- 
5> k/W . K<-1> or more. 

f0039] (9) The optical recording medium according to any one of (1)-(8). wherein theunitjen gj ho^ 
virtuairecoj^ing_cel^is set almost equal to the length of the recording mark formed DyTaserbeam 
irradiationBrthernaximum amount of time. 

f0 0401 (10) The optical recording medium according to any one of (1)-(9), wherein: grooves for guising 
laser beam are provided along said recording layer, said virtual recording cells are set inside said grooves 
and said unit width matches a width of said groove. 

[00411 (1 1) The optical recording medium according to any one of (1)-(10), wherein said unit length in said 
virtual recording cells are equal to or less than the diameter of beam waist of said reading laser beam. 

[0042] (12) The optical recording medium according to any one of (1)-{1 1), wherein information is recorded 
in multiple levels in advance on one part of said recording layer. 

r00431 (13) The optical recording medium according to any one of (1)-(12), wherein specific information 
which represents a multilevel recording medium is recorded on at least one of said virtual recording cells 
and a multilevel recorded part. 

[0044] (14) The optical recording medium according to any one of (1)-(13), wherein grooves for guiding 
laser beam are provided along said recording layer and are cut in the middle. 

[0045] Fig. 1 is a partial cross-sectional perspective view showing principle parts of an optical recording 
medium according to an embodiment of the present invention. 

[0046] Fig. 2 is a block diagram showing an optical recording device that uses a laser beam to record 
information on the optical recording medium. 

[00471 Fiq 3 is a model view showing the relationship between a recording mark, a virtual recording cell 
and the optical reflectance thereof when forming the recording mark on a recording layer by means of the 
optical recording device. 

[0048] Fig. 4 is a partial perspective view showing a case when a laser beam that irradiates a virtual 
recording cell forms another shape. 

[0049] Embodiments of the present invention will be now described in detail with reference to the 
drawings. 

[00501 An optical recording medium 10 according to the embodiment of the present invention is a CD-R 
that uses a dye on a recording layer 12 and is composed of an optically transparent substrate 14 including 
a transparent substrate material, the recording layer 12 composed of a dye coated on and covering he 
grooves 16 used to guide the laser beam formed on one surface of the optically transparent substrate 14 
(upper surface in Fig. 1), a reflecting film 18 whose principal component is gold or silver or an alloy 



comprising these formed by sputtering or vacuum deposition on the upper side of the recording layer 12 
Sd a protective layer 20 that covers the outside of the reflecting film 18. Irregularities pre-grooves or pits) 
which represent information such as the grooves 16 or address signals are formed on the optically 
transparent substrate 14. 

100511 The optically transparent substrate 14 is a thermoplastic resin with a glass transition point (Tg) of 
between 80 DEG C and 160 DEG C and can be freely selected from among vanous types of materials 
being used in conventional optical recording mediums. For example, resins which can be used include a 
polycarbonate resin, polymethylmethacrylate resin, epoxy resin, polyolefin resin, and polyester resin 
Further the glass transition point is regulated by, for example, differential thermal analysis set forth in JIS 
K7121. 

f00521 The principal component of the recording layer 12 on the optically transparent substrate 14 is an 
organic dye The dyes which can be used for this organic dye include cyanine dye, squarylium dye, 
croconium dye. anthraquinone dye, metal containing azo dye. phthalocyan.ne dye and naphthoquinone 
dye From among these various dyes a dye having a difference between the weight reduction start, 
temperature due to thermal decomposition (TG) in an inert gas atmosphere and the temperature when the 
weight becomes 20% of the original weight extending over a range of 100 DEG C or more can be used. In 
addition, weight reduction due to thermal decomposition of the dye starts at 300 DEG C or less and 
continues until 350 DEG C or more. 

100531 The decomposition temperature of the dye can be controlled by introducing various types of polar 
groups ^Including afkyl group, alkoxide group, ally, group, halogen atoms, alkylca rbonyh gr oup alk y. su fonyl 
group, alkyl sulfonamide group, cyano group and nitro group or by changing the counter-ion composition 
in the ionic dyes. 

r00541 The following materials can be used as a solvent for the organic dye coating solution: esters such 
a ; butyl acetate aSd cellosolve acetate; ketones such as methyl ethyl ketone, cyclohexanone and methyl 
isobutvl ketone- chorinated hydrocarbons such as dichloromethane, 1,2-dichloro ethane and chloroform; 
amS such as dimethylformamide; hydrocarbons such as cyclohexane; ethers such ^ tetrahydorfuran. 
ethvl ether and dioxane; alcohols such as ethanol, n-propanol, isopropanol, n-butanol and diacetone 
a coho fluorine solvents such as 2,2,3.4-tetrafluoro propane.; and glycol ethers such as eth ^*»» 
monomethyl ether, ethyleneglycol monoethyl ether and propyleneglycol monomethyl ether. These solvents 
can be used independently or in combination taking into consideration solub.lrty of the organic dyes bemg 
used various types of additives such as singlet oxygen quenchers, antioxidants, UV absorbents, 
plasticizers or lubricants may be further added to the coating solution depending on the purpose. 

[0055] The reflecting film 18 on the recording layer 12 is a metal with a ?? ffi ^"^^ 
of 300k/W m<-1> K<-1> or more at a normal temperature (approximately 20 DEG C) This metal is gold, 
silver or copper or an alloy thereof. The reflecting film 18 is formed by a sputtering method or a vacuum 
deposition method. The thickness of the reflecting film 18 is 50 nm or more at the area where a recording 
mark (described later) is formed and is preferably 60 SIMILAR 300 nm th.ck. Further, the product of the 
coefficient of mermal conductivity and the film thickness of the material used for the reflecting film 18 .s set 
to be 2x10<-5> k/W . K<-1> or more. 

[00561 The protective layer 20 is provided on the reflecting film 18 for the purpose of physically and 
chem caSy protecting the organic dye recording layer 12 and the reflecting film 18 The protective layer 
Sn also be provided to improve the anti-scratch properties and excess moisture tolerance on the side of 
the optically transparent substrate 14 where the organic dye recording layer 12 is not provided. 

[00571 Generally UV curable resins are widely used for the protective layer 20 material. After preparing a 
SlSffrf this UV curable resin as is or by dissolving in a suitable solvent the protective layer 20 
is formed by coating the coating solution onto the optically transparent substrate 14 and then "radiating 
ultraviolet light to harden the solution. Depending on the objective, vanous different additives such as an 
Satic additive, an antioxidant and an ultraviolet absorbent can be added to th.s coating solution. The 
layer thickness of the protective layer 20 is approximately 0.1 SIMILAR 100 mu m. 

[0058] Multilevel recording onto the optical recording medium 10 obtained in this manner is performed by 
means of the optical recording apparatus 30 shown in Fig. 2. 

[0059] The recording onto the optical recording medium 10 is performed using, for example a 
semiconductor laser beam as the recording light that has a wavelength in a range of 770 S IMILAR 79C nm 
or a wavelength in a range of 630 SIMILAR 660 nm to deteriorate an organic dye by irradiating a suitable 
laser beam onto the organic dye recording layer 12 while rotating the optical recording med ! u „ m r l°; * a in 
fixed linear velocity or at a fixed-angle velocity. Data regeneration is performed by reading differences in 



the amount of reflected laser light at areas when the organic dye deteriorated and areas where it did not. 

[0060] The optical recording apparatus 30 is a CD-R recorder. This recorder records information by means 
of a laser beam from a laser 36 while rotating the optical recording medium (disk) 10 by a spindle motor 32 
at a fixed linear velocity or at a fixed-angle velocity via a spindle servo 31 onto the recording layer 12 
formed as described above on the optical recording medium (disk) 10. 

[0061] The laser 36 is designed to use the laser driver 38 to control the laser beam irradiation time, 
namely, the number of laser pulses, for each of the virtual recording cells 40 (described later) shown in 
Fig. 1 and Fig. 3 depending on the information to be recorded. 

[0062] Reference numeral 42 in Fig. 2 designates a recording optical system that includes an objective 
lens 42A and a half mirror 42B. Focus tracking control is performed by a focus tracking servo 44 in order 
that the objective lens 42A converges the laser beam on the recording layer 12. Further, The objective 
lens 42A and the half mirror 42B are controlled and moved by a feed servo 46 at a fixed speed from the 
outer periphery to the inner periphery in phase with the rotation of the disk 10. 

[0063] The spindle servo 31 , laser driver 38, focus tracking servo 44 and feed servo 46 are controlled by a 
control apparatus 50. Data (information) to be recorded onto the recording layer 12 is entered into the 
control apparatus 50. 

[0064] Next, the virtual recording cell 40 and the recording marks recorded on the virtual recording cell 40 
will be described. 

[0065] These virtual re^fdtng -cetis-ar e specified in unit widths in the radial direction and unit lengths in the 
rotatiori al direction T oT a reco?3ing"me'dium. A unit width is a width equa l to or less than the diameter of the 
beajmLwajst of the laser beam and can be'freelyseiected from among The track pitch or groove wiatnortne 
disk 10. 

[0066] As shown in Fig 1 , the virtual recording cells 40 of this embodiment are assumed to be continuous 
circumferentially inside the groove 16 and have a length (circumferential length) shorter than the beam 
diameter D (diameter of beam waist) in the rotational direction, circumferentially, of the disk 10. In addition, 
the width is set equal to the groove 16. The lasgf-beam-is irradiated onto eaghjdfl ual recording cell 4 0 
formjpgjhjjeeefdjng^ response to the information to be recorded as shown in 

typical fashion in Fig."3~~ 

[0067] Here the beam diameter D of the laser beam emitted from the laser 36 at the position of the 
recording layer 12 grows larger than the virtual recording cell 40. Depending on the material selected for 
the recording layer 12, however, the recor^gjriarks 48A SIMILAR 48G canb e formedj <yjth_different 
diame.tecsjaUhecenterp^^ the laser.irradiafionTime (The laser beam is 

circular although, since the beam irradiates while the opficaTrecoraTng medium is rotating, the recording 
marks form long circular shapes in response to the irradiation time.). 

[0068] Because the focused laser beam normally forms a Gaussian distribution, recording is only 
performed at the portion where the threshold value of the irradiation energy of the laser beam is exceeded 
on the recording layer 12. Because of this, the spot size of the laser beam that can record on the recording 
medium changes due to changes in the irradiation time of the laser beam. This, for example, can form 
seven levels of recording marks 48A SIMILAR 48G as shown in Fig. 3. 

[0069] Here the dye constituting the recording layer 12 is specified as described above. Since 
decomposition and deterioration do not rapidly occur relative to the irradiation time of the laser beam, 
favorable m ultilevel recording is possible. 

[0070] The size of each of the recording marks 48A SIMILAR 48G is set such that the reflectance of the 
reflecting light when the reading laser beam irradiates the virtual recording cells 40 becomes seven levels. 
The reflectance grows larger as the recording marks grow smaller. The maximum reflectance is present at 
virtual recording cells where recording marks are not formed and the minimum reflectance is present at 
virtual recording cells where the largest recording mark 48G is formed. 

[0071] In more detail, the reflectancejssetJakiDgJnto consideration the, area^atiojor each of the 
recording marks 48A SIMILAR 48G relieve to the \m^jecor6\ng^^ 40 and the transmittance of the 
recording marks'themselves. 

[0072] The transmittance of the recording marks 48A SIMILAR 48G themselves differs because the 
material constituting the recording layer 12 decomposes and deteriorates due to irradiation of the laser 



h«m tn rhanae the refractive index or because the quantity of the recording layer 12 in the thickness 
SfreSonSes ?f SKsrXnce of the recording mark portion that was formed « zero, there ,s no 
need for this consideration. 

rnr™ At this time a material with a coefficient of thermal conductivity of 300k/W . m<-1> .K<-1> or more 

iaJer cut into the optically transparent substrate 14 or the protectee layer 20 on the reflecting film 18. 
Thus, there is no degradation in the recording signals. 

mo741 In the embodiment described above, although the irradiation time of the laser beam is changed in 
changed. 

f00751 Although in this embodiment the optical recording medium 1 0 is a CD-R disk as described above, 
the prlseSenfion is not limited to this and normally can be applied to another optical recording 
medium. 

f00761 The example in the embodiment described above is an example of the optical recording medium 10 
has been recorded in five levels or more. 

atTts longest irradiation time exceeds the threshold value that provides changes to the recording layer 12. 
[00781 The laser beam mentioned above forms a circular shape at the position of the recording jayer 12. 

can be improved. 

SK?n?SirZton is P possible. In addition to this, as designated by reference numeral 56m Rg. 1, 
hfsame effect can be achieved by means of providing a groove interruption part tha cuts the groove of 
laser beam guides in the middle. These methods can be used independently or combined. 

[Example] 

rnnani in th* fnllnwina examDles 1 SIMILAR 9 of the present invention will be described in comparison to 
^^25S2i?SS25i 6 Here a CD-R that used a dye on the recording layer 12 was ufilized 
SThe optical I recording medium 10 to carry out experiments on multilevel recording. 



[Example 1] 



[0081] Cyanine dye was dissolved into a fluoridated alcohol to prepare a 2% »«np "gto n used to form 
a recordinq layer A spin coat method in which the rpm was varied from 200 rpm up to 5000 rpm was used 
to S this 9 Sng solution onto the surface of a pre-groove side of an optically transparent ^subsfrate with 
a diameter of 1 20 mm and a thickness of 1 .2 mm that was composed of a polycarbonate resin (Te.j.n 
KaseHnc PanltaM AD5503) whereon a spiral-shaped pre-groove (track pitch: 16 mu m, pre-groove wdth 
nC m Dre^roove depth 0 18 mu m) was formed by means of in ection molding. This process formed 
an fo^anto dye SdlgTayer approximately 200 nm thick from the bottom of the inside of the pre-groove. 
The glass transition temperature of the polycarbonate was 140 DEG C. 

100821 Next a sputtering method was utilized to form an Ag (coefficient of thermal conductivity of silver is 
427kM Tm< 1> P K<-1>; chronological table of science) reflecting film approximately 50 nm 
oraan^dye recording layer. In addition, a spin coat method in which the rpm was varied from 300 rpm up 
to 4000 rpm was used to coat a UV curable resin (Dainippon Ink Kagaku Kogyo Inc.: SD318) onto this 
reflecting film. After the coating was completed, ultraviolet rays were irradiated by a mercury vapor lamp 
from above the coating film to form a 10 mu m thick protective layer. 

[00831 Multilevel recording was then attempted using the optical recording medium obtained in this 
manned Multitevel recording was performed by means of changing the time the laser beam jrrad.ates the 
S^ieooSKm^ in six levels while rotating the optical recording medium at a fixed linear velocity. 
Req?neXn ^performed by means of irradiating a 1 mW laser beam while rotating the * °phcal 
rproXfm^edium at the same fixed linear velocity and then detecting differences in the reflected amount 
of S T he device used to evaluate the recording was a DDL) (laser wavelength = 784 nm) manufac ured 
S Pu^rSSfaf S.^. and the laser bean?power whHe recording was 1< IrnW Jhe recording ..near 
velocity was 4.8 m/sec and the clock frequency of the recording was 4 MHz (250 nsec). 

[0084] The laser irradiation times while recording onto the optical recording medium were T1) 50 nsec (2) 
80 nsec (3) 1 10 nsec, (4) 140 nsec, (5) 170 nsec, and (6) 200 nsec to perform multilevel recording. Each 
signal was recorded over a period of one revolution of the disk. 

[00851 When recording was performed in this manner and the jitter values of the recorded signals were 
read in and measured using a digital oscilloscope LC-534EL manufactured by Le Cray Corp., fluctuations 
due to dZenSsTtoeJ* beam irradiation time while recording were small and favorable results were 
obtained. 

[00861 Taking into consideration a case in which the recording is performed using a conventional I binary 
recording and regeneration method in the measurement apparatus for jitter values being used here, .t is 
possible tc > judge whether favorable recording is performed if the jitter value is 1 0% or less. 

[Example 2] 

[0087] An optical recording medium was produced in the same manner as example M ^d muttilevel 
reco dina performed although the film thickness of the Ag reflecting film was changed to 100 nmjhe 
recording K Sons were identical to example 1 . Jitter values of the recorded signals were measured in 
the same manner. 

[Example 3] 

[00881 An optical recording medium was produced in the same manner as example 1 and multilevel 
recording performed although the reflecting film material was changed to Au (coefficient * 
conduSivi^gold is 31 8k/W . m<-1> . K<-1>; chronological table of science). The recording cond.Jons 
were Seal to example 1. Jitter values of the recorded signals were measured in the same manner. 

[Example 4] 

[0089] An optical recording medium was produced in the same manner as example 3 and multilevel 
recording performed although the film thickness of the reflecting film was changed to 1 00 nm. The 



recording conditions were identical to example 1. Jitter values of the recorded signals were measured in 
the same manner. 

[Example 5] 



[0090] An optical recording medium was produced in the same manner as example 1 and multilevel 
recording performed although the reflecting film material was changed to Cu (coefficient of thermal 
conductivity of copper is 401k/W.m<-1> K<-1>; chronological table of science). The recording conditions 
were identical to example 1 . Jitter values of the recorded signals were measured in the same manner. 



[Example 6] 



[0091] An optical recording medium was produced in the same manner as example 1 and multilevel 
recording performed although the optically transparent substrate material was changed to polyolefin (Zeon 
Corp.: ZEONEX280). 

[0092] The glass transition temperature of the polyolefin was 123 DEG C. 

[0093] The recording conditions were identical to example 1 . 

[0094] Jitter values of the recorded signals were measured in the same manner. 



[Comparative example 1] 



[0095] An optical recording medium was produced in the same manner as example 1 and multilevel 
recording performed although the film thickness of the Ag film was changed to 40 nm. 

[0096] Problems with the signal quality were found especially if the laser irradiation time was long when 
measuring the jitter value of the recorded signals in the same manner. 



[Comparative example 2] 

[0097] An optical recording medium was produced in the same manner as example 5 and multilevel 
recording performed although the film thickness of the Cu film was changed to 40 nm. The jitter value of 
the recorded signals was measured in the same manner. 



[Comparative example 3] 

[0098] An optical recording medium was produced in the same manner as example 2 and multilevel 
recording performed although the reflecting film was changed to Al (coefficient of thermal conductivity of 
aluminum is 237k/W . m<-1> . K<-1>; chronological table of science). 

[0099] Jitter values of the recorded signals were measured in the same manner. 



[Comparative example 4] 

[0100] An optical recording medium was produced and multilevel recording performed in the same manner 
although the substrate material was changed to glass. The pre-groove configuration on the glass was the 
same as example 1 and a plasma etching method was used as the method to form the grooves. The 
recording conditions were identical to example 1 . Jitter values of the recorded signals were measured in 
the same manner. 

[0101] The relationship between the jitter values, reflecting film characteristics and laser irradiation time in 



the above results are shown in Table 1 . 
EMI33.1 



[Example 7] 



[0102] An organic dye recording layer approximately 200 nm thick was formed under conditions de unheal 
to example I I in which cyanine dye A used is as shown in the chemical formula below. A substrate on 
S dScVmination signal to indicate that the optica, recording medium is being "^d for muljlev^ 
Tecording and information signals related to the laser beam irradiation time were recorded m advance was 
used for the optically transparent substrate used here. 
EMI34.1 

f0103l Next a sputtering method was utilized to form an Ag reflecting layer approximately 100 nm thick on 
Se oraante dve recording layer. A spin coat method in which the rpm was vaned from 300 rpm up to 4000 
rpm was Sed to cSt a UV curable resin (Dainippon Ink Kagaku Kogyo Inc.: SD318) onto this reflecting 
layV Atter the coating was completed, ultraviolet rays were irrad.ated by a mercury vapor lamp from 
above the coating film to form a 10 mu m thick protective layer. 

[0104] When multilevel recording was performed under conditions identical ^^^fSSX 
ecording medium obtained in this manner and the jitter values was ^•J^^^lft^iSe 
differences in the laser beam irradiation time while recording were small and favorable results were 

obtained. 

[01051 When thermal decomposition temperature measurements of this cyanine dye A were performed 
Ls ng aToSO measurement device manufactured by TA Instrument Corp. at a temperature 
of 10 DEG C / minute within a nitrogen atmosphere, the decomposition start temperature was 230 DEG C 
anJ the ^emperaSre JZ the weight became 20% of the original weight (decomposite end temj»rature) 
was 480 DEG C. Further, weight reductions in the cyanine dye due to thermal decomposition started at 
300 DEG C or less and then continued until 350 DEG C or more. 

[Example 8] 

[01061 An optical recording medium was produced in the same manner as example 1 f nd f . m "' t ! l ^f ' . 
ecording performed although the dye in example 7 was changed to a 1:1 mixture (moli rat.o) of cyan.ne A 
and phthalocyanine B dyes and the coating solvent was changed from fluondated alcohol to ethyl 
cellosolve. 

rM071 The laser beam power while recording was set to 13 mW. The linear recording velocity at this time 
L°as 4.8 n? and fhe SoS frequency for theLording was 4 MHz (250 

while recording were (1) 50 nsec, (2) 70 nsec, (3) 90 nsec, (4) 110 nsec, (5) 130 nsec, and (6) 150 nsec. 

[01081 Each signal was recorded over a period of one revolution of the disk. When the recording was 
SS^IffmSner and the jitter values of the recorded signals were read in and measured us ng a 
dfgtelScil loscope LC-534EL manufactured by Le Croy Corp., fluctuations due to differences in the laser 
beam irradiation time while recording were small and favorable results were obta.ned. 

[01 091 Durinq thermal decomposition measurements of this dye mixture the decomposition start 
emperatu re wa 230 DEG C and the decomposition end temperature was 480 DEG C. Furthe. , we,ght 
SSSiTn fte dye mixture due to thermal decomposition started at 300 DEG C or less and then 
continued until 350 DEG C or more. 

[Example 9] 

[0110] An optical recording medium was produced in like manner to example 8 and multilevel recording 
performed although the dye in example 8 was changed to a 1:1 mixture (mol ratio) of cyanine A and 
phthalocyanine C dyes. 



rami The laser beam power while recording was set to 1 3 mW. The linear recording velocity at this time 
was 4 8 m/s and the clock frequency for the recording was 4 MHz (250 nsec) The laser irrad.at.on times 
while recording were (1) 50 nsec, (2) 70 nsec, (3) 90 nsec, (4) 110 nsec. (5) 130 nsec. and (6) 150 nsec. 
Each signal was recorded over a period of one revolution of the disk. 

[01 121 When the recording was performed in this manner and the jitter values of the recorded signals were 
Sad in and measured using a digital oscilloscope LC-534EL manufactured by Le Croy Corp ^atons 
due to differences in the laser beam irradiation time while recording were small and favorable results were 
obtained. 

[01131 During thermal decomposition measurements of this dye mixture the ^decomposition start 
temperature was 230 DEG C and the decomposition end temperature was 547 DEG C. Further weight 
reductions in the dye mixture due to thermal decomposition started at 300 DEG C or less and then 
continued until 350 DEG C or more. 

[Comparative example 5] 

[01 14] An optical recording medium was produced in the same manner as example 7 and multilevel 
recording performed although the dye in example 7 was changed to phthalocyanme B dye as shown in the 
chemical formula below and the coating solvent was changed to ethyl cellosolve. 

roi 151 The laser beam power while recording was set to 14 mW. The linear recording velocity at this time 
was 4 8 m/s and the clock frequency for the recording was 4 MHz (250 nsec* The laser 'rrad.at.on tnr.es 
while recording were (1) 70 nsec. (2) 80 nsec. (3) 90 nsec. (4) 100 nsec. (5) 110 nsec, and (6) 120 nsec. 
Each signal was recorded over a period of one revolution of the disk. 
EMI38.1 

[01 161 When the recording was performed in this manner and the jitter values of the recorded signals were 
read in and measured using a digital oscilloscope LC-534EL manufactured by Le Croy Corp. the j.tter 
values were poor irregardless of the differences in the laser beam irradiation time while recording. 

[0117] During thermal decomposition measurements of this phthalocyanine B dye the decomposition start 
temperature was 319 DEG C and the decomposition end temperature was 414 DEG C. 

[Comparative example 6] 

[01 1 81 An optical recording medium was produced in the same manner as example 7 and multilevel 
recording performed although the dye was changed to phthalocyanine C dye as shown in the chemical 
formula below and the coating solvent was changed to methyl cyclohexane. 
EMI39.1 

[01191 The laser beam power while recording was set to 14 mW. The linear recording velocity at this time 
was 4.8 m/s and the clock frequency for the recording was 4 MHz (250 nsec* The laser irradiation fames 
while recording were (1) 70 nsec. (2) 80 nsec. (3) 90 nsec. (4) 100 nsec, (5) 110 nsec, and (6) 120 nsec. 
Each signal was recorded over a period of one revolution of the disk. 

[0120] When the recording was performed in this manner and the jitter values of the recorded signals were 
read in and measured using a digital oscilloscope LC-534EL manufactured by Le Croy Corp. the j.tter 
values were poor irregardless of the differences in the laser beam irradiation time while recording. 

[0121] During thermal decomposition measurements of this phthalocyanine C dye the decomposition start 
temperature was 510 DEG C and the decomposition end temperature was 546 DEG C. 

[01221 Table 2 shows the results of the thermal decomposition characteristics of the dyes, laser irradiation 
times while recording and jitter values of recorded signals in examples 7-9, comparative examples 5 and 
6, and examples 10 and 11 described later. 
EMI40.1 



[Example 10] 



[01231 In contrast to the conditions in example 1, the dye was changed to phthalocyanine dye Produced by 
Ciba fsSoer Green] and the coating solvent was changed to dimethyl cyclohexane to p .reduce * the optical 
reSrdinl med urn by forming the organic dye recording layer, approximately 100 nmth.ck at the pre- 
groove totSon" on the optically transparent substrate having the pre-groove with a depth of approx.mately 
100 nm and a width of approximately 600 nm. 

[01241 As shown in Table 2, when multilevel recording was performed under conditions identical to 
examote 1 us°ng he optica recording medium obtained in this manner and the jitter values was measured, 
Actuations in ! the per vaTues due to differences in the laser beam irradiation time while record.ng were 
small and favorable results were obtained. 

[0125] During thermal decomposition measurements of this dye the decomposition star] L^J!^ was 
approximately 263 DEG C and the decomposition end temperature w f a s *^ tnen 
addition, weight reductions in the dye due to thermal decomposition started at 300 DEG C or less and then 
continued until 350 DEG C or more. 



[Example 11] 



[0126] In contrast to the conditions in example 1 , the dye was changed to phthalocyanine dye p reduced I by 
Yamad Chemicals [YDN-02] and the coating solvent was changed to a m.xture of d.methyl cyclohexane 
£5£S5 methyl ethyl ketone and tetrahydorfuran and the concentration thereof was adjusted to 
1 5 wto/Tproduce the optical recording medium by forming the organic dye record^ , layer, 
approximately 120 nm thick at the pre-groove location, on the optically transparent substrate having the 
Pre-groove with a depth of approximately 160 nm and a width of approx.mately 650 nm. 

[01271 As shown in Table 2, when multilevel recording was performed under conditions identical to 
examote 1 using nVop ica recording medium obtained in this manner and the jitter values was measured, 
Actuations in the jiLr'values due to differences in the laser beam irradiation time while record.ng were 
small and favorable results were obtained. 

[0128] During thermal decomposition measurements of this dye the decom P osiUon 
aDoroxmiatelv 242 DEG C and the decomposition end temperature was approximately 860 DEG C. In 
So^ZhUe^Ls in the dye due to thermal decomposition started at 300 DEG C or less and then 
continued until 350 DEG C or more. 
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#> (2)80 gfltK (3)90 $%J\ (14)100 (5)110 ^#ffl(6)120 

^fctttf^fcTBi:, #3£ffi Le Croy Cap.ffe|#tt»^^*# 

lc-534el mtftm*ttte*to*mfc&<M. **Tzmttx%m# 

* 2 7-9, ttttM 5 fp 6, 10 ft 11 



[*2] 









mm 






7 


8 


9 


10 


11 


5 


6 


#*??RteWC) 


230 


230 


230 


263 


242 


319 


510 




480 


480 


547 


820 


860 


414 


547 




««WfB](l) 


6.4 


6.9 


7.4 


7.2 


6.7 


9.7 


10.5 






6.5 


7.1 


7.6 


7.3 


6.9 


9.9 


11.0 






6.8 


7.4 


8.0 


7.5 


7.3 


102 


11.4 ; 


ft 




7.1 


7.8 


8.5 


7.8 


7.5 


10.7 


11.4 


tt 




72 


8.3 


8.7 


8.1 


7.9 


10.9 


11.6 


(%) 




7.5 


8.4 


9.0 


8.5 


8.0 


11.4 


12.3 



[%nm io] 

■5**0* i M&ftttm, mm&#j& aba m^m^mnmrnm 

lOOnm, T$&kyt&&fa±tt& lOOnm ftftgj 600nm SEfflftftflg . 
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[afeJfiW 11] 

1 itt&fWM, Yamada Chemicals fiJ&tfJ&A 1 

s^raai^ttWM^*, iflMWs i.5wt%, Mftw&mmfa 

ft*JftK*ft* 120nm, Jffi£83fctt3£jfi5±W*& 160nm ftftgf 650nm 

2 iff*. i ffiRW*#T«FW&#^«#W** 
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